viruses isolated from wild birds in 2006 were also descendants of the Ga/San Jiang/160/06-1 like lineage (our unpublished data), indicating a common avian H5N2 virus precursor.
2
Phylogenetic analysis of the internal genes clearly showed the differences between 3 the two porcine influenza isolates, supporting the sequence analysis. The phylogenetic 4 analysis revealed that each of the internal genes of Sw/Kor/C12/08 had a close relationship 1 1 swine H5N2 viruses by HI assay ( swine H5N2 viruses correlated with the titers obtained from the HI assays (Table 2) .
1
Similar neutralization titers were also obtained using a wild bird H5N2 virus. In contrast, 1 2 lower neutralizing antibody titers (about 2 to 4-fold difference) were observed in the swine 1 3 sera when an avian H5N1 virus was used (data not shown).
4
H5 antigen against the Sw/Kor/C13/08 virus which was purified by ultra-
centrifugation at 112,600 x g, 3hrs, 4°C was used in the Western blot analysis. The immunoblotting results correlated with the results of the HI and virus-neutralizing tests ( Fig. 1 7 1 and Table 2 ). These findings showed that anti-H5 antibodies were present in several pigs 1 8 and that the H5N2-like viruses could naturally infect pigs, although the incidence of such 1 9 infection is low, as shown by the seroprevalence survey (Table 2 ) and absence of reported 2 0 large scale outbreak in swine herds due to this subtype. nasal discharge, and elevated body temperature were observed on days 2 through 7 in all 4 inoculated pigs, but no acute respiratory signs were observed, such as lethargy and dyspnea
5
(data not shown). All of the viruses were recovered from nasal swabs obtained from the 6 inoculated pigs after intranasal infection. On day 2 after inoculation, the mean virus titer of 7 nasal swabs was >2.3 log 10 EID 50 /0.1 ml. Virus was shed for at least 5 days (Table 3) . Virus 8 titers in nasal swabs peaked on day 5 at 2.5 to 3.33 log 10 EID 50 /0.1 ml. The infection of the 9 wholly avian-derived virus (Sw/Kor/C12/08) persisted for as long as 5 days but was not 1 0 transmitted to any of the three contact pigs. However, 2 of the 3 littermates of the avian- and 2.3 log 10 EID 50 /0.1 ml mean titer (Table 3) . The pigs inoculated with the
Sw/Kor/C13/08 showed higher nasal swab titers, persisting for as long as 7 days, than those
inoculated with the wholly avian-derived isolate (Table 3) .
With the variable replication kinetics and transmissibility in pigs of the two H5N2 porcine isolates, we sought to determine whether such results could also be obtained in mammalian hosts by using two groups of ferrets (2 inoculated, 2 contacts) as experimental 1 8 models. All 17-week-old ferrets used for the study were found to be seronegative at day 0
for antibodies against swine influenza H1N1, H1N2, H3N1, H3N2, and avian H5N2 viruses 2 0
by HI assay. For the Sw/Kor/C12/08 virus, nasal washes were positive for virus (2.7 log 10 2 1
EID 50 /0.1 ml) infection only at 2 days after inoculation, whereas higher viral titer was 2 2 observed 2 days after inoculation (3.4 log 10 EID 50 /0.1 ml) in Sw/Korea/C13/08-infected ferrets and persisted until day 7 (Table 3) . Thus, the virus titer obtained from a neither H5N2 viruses could be transmitted in ferrets. 
Histopathologic examination 1 2
To investigate the tissue distribution of viruses, we collected samples of trachea, of contact pigs of Sw/Kor/C13/08-infected group (Fig. 3) . Therefore, the H5N2 viruses can 1 6 persist in pigs for at least 5 days after inoculation. However, the lungs were positive for isolates had a Q-R-E-T-R motif in the connecting peptides that is typical for LPAI H5 potential glycosylation site at position 402 (Asn) of the N2 protein was lost (Lys) in
Sw/Kor/C12/08. Compared with Ga/San Jiang/160/06, the two isolates in study had (Q5H, I241M). Furthermore, additional mutations could be noted for the surface proteins of
Sw/Kor/C12/08 (in HA1 domain: S107N, A185E and NA: N402K and Sw/Kor/C13/08
viruses (in HA1 domain: H103Y, D261Y, L318P and NA: W403R), but none of these residues were previously implicated for antigenicity or receptor-binding affinity.
1
Neither virus had an E-to-K mutation at position 627 of the PB2 protein, which was 2 responsible for the high virulence of A/Hong Kong/483/97 in a mammalian host model (16).
3
The avian-like PB2/627E present in the swine-like PB2 is common for all Korean swine 4 influenza isolates and does not represent a K to E mutation in the PB2 genes of the isolates sequences of viruses obtained from pigs bore the same sequences as the swine farm isolates.
2
Interestingly, viruses recovered from ferrets incurred additional sequence differences
indicative of continuous genetic evolution (Table 5 ). In summary, molecular analysis of the 1 4 viral proteins of the swine H5N2 viruses clearly showed that they maintained a low
pathogenic form, and no mutations related to virulence, drug resistance, or shift in host 1 6
preference were acquired. Although it is difficult to estimate when the avian-like H5N2 virus was first 8 introduced into swine, some evidence suggests that the virus has been circulating for just a 9 couple of years. First, the two porcine H5N2 isolates shared high amino acid and nucleotide relationship between the isolates. Second, we found serologic evidence of avian H5N2 proportion of pigs (0.85%). Low seroprevalence and low swine-to-swine transmission of transmissibility in swine hosts, as was shown in this study. Although our animal 1 5 experiments showed that the purely avian-like H5N2 isolate was not transmitted to contact presence of bacterial co-infections and environmental stresses).
8
The surface genes (HA and NA) are the constant target of neutralizing antibodies such contribution of these swine H3N1-derived internal viral genes with respect to 1 3 transmissibility.
4
The isolation of two distinguishable H5N2 viruses in Korean swine in 2008
represents another significant event in the ability of pigs to act as intermediate hosts for H5N1 from nearby China, the isolated low-pathogenic H5N2 viruses in this study may not swine populations could also be expected. Thus, it raises concerns for continued 1 1 surveillance of yet another atypical influenza virus in pigs that may have the potential to 1 2 cross host-species barriers. by Contract HHSN266200700005C with the National Institute of Allergy and Infectious by the American Lebanese Syrian Associated Charities (ALSAC). We thank Taek-Kyu Oh 2 0
and Eun Ho Lee for technical assistance. Universal primer set for the full-length amplification of all influenza A viruses. 
The isolates in bold type are the Korean swine H5 viruses in this study. 6 _**sequence data not available. 
